Earth's biodiversity is declining at an alarming rate, in what some have dubbed the "sixth mass extinction" that life has faced in the history of our planet (1) . This rapid decline of biodiversity, the realization that some of its components, such as fungi, remain relatively poorly known, and limited resources are rendering the process of prioritizing conservation efforts more challenging. The expression "agony of choice," put forward by Vane-Wright et al. (2) to describe the context in which these decisions have to be made, has become even more pertinent. In this time of urgency and scarce resources, conservation practitioners have been seeking methods and indices that can accelerate the selection of species and areas, which are to be the focus of conservation actions. These approaches include the identification of surrogates, which can either mirror the distribution patterns of other features that are less readily accessible, but potentially more informative or relevant in a particular context, or more easily represent biodiversity as a whole. Surrogates are expected to save time and resources compared with more conventional methods and have attracted increasing interest among conservation planners. These surrogates are generally of two broad types, taxonomic and environmental (3). Taxonomic surrogates are using a particular group of organisms and extrapolate the patterns observed in this group as representing overall biodiversity (e.g., ref. 4). Environmental surrogates usually comprise an amalgam of physical and biological information, such as ecological classifications (e.g., ref. 5), which have been widely employed in conservation planning as they are assumed to represent adequately groups of species, communities, and ecosystems.
Selecting species or identifying areas harboring the greatest amount of diversity to be prioritized for conservation is an important element of conservation planning. Equally important is ensuring that the overall variability within a given species is also adequately protected. One typical approach used to achieve this is to assess the genetic diversity of a targeted species across its geographical range to ensure that the selection made in a conservation program maximizes the species' evolutionary potential. However, obtaining genetic data can be expensive and time consuming, including the acquisition of the material itself, and will vary greatly depending on where the species under study is found and how vast is its geographic range. The study by Hanson et al. (6) investigates the effectiveness of environmental and geographical surrogates in representing adaptive and neutral genetic variation, respectively, across a species' range. While studies aimed at identifying and evaluating surrogates of overall biodiversity are numerous, studies related to the identification of surrogates aimed at representing intraspecific genetic diversity are a lot sparser. Hanson et al. (6) not only offer one of the first attempts to evaluate surrogates at this level, but also investigate how two components of genetic diversity, the adaptive and neutral genetic variation, can be differentiated through these proxies without referring to the genetic information itself. Their study broadly shows that environmental and geographical variables can indeed predict adaptive and neutral genetic variation, respectively.
Partitioning the Effect of Environment and Geography
As mentioned above, genetic diversity can be classified as either adaptive variation, which is linked to parts of the genome that affect directly the survival of a species, or neutral variation, which reflects evolutionary patterns (e.g., gene flow, dispersal, migration) between populations of a given species without affecting its fitness. This differentiation is important because we want to protect both aspects of genetic diversity as they have different implications for the survival of a species. The capacity of a species to survive and adapt to future environmental changes is provided primarily by its adaptive genetic variation, while neutral genetic variation provides a protection against the potentially negative consequences of overall depleted genetic diversity.
Hanson et al.'s (6) study is based on essentially widely accepted premises regarding the main factors affecting genetic variation. First, adaptation is assumed to be mainly driven by environmental selective pressures; thus, adaptive genetic variation would be primarily driven by environmental variables. The selection of individuals for conservation that encompass the range of various environmental conditions in which a species is found would in theory capture the entire spectrum of adaptive variation present in this given species. Second, the decline in genetic exchange between populations (i.e., gene flow) of a species is assumed to lead to an increase in neutral genetic variation; thus, the factors affecting the connection between populations would notionally drive neutral genetic variation. One of these factors is the distance between populations; that is, the greater the distance between two populations, the less these populations will be closely related genetically. Thus, in a conservation scenario, maximizing the coverage of the geographical range of a species would encapsulate a maximum amount of neutral genetic variation, although several other intrinsic and extrinsic factors can influence gene flow.
To assess these predictions and to determine whether geographical and environmental variables could act as reliable surrogates for genetic diversity, Hanson et al. (6) use a set of 27 European alpine plant species compiled by the INTRABIODIV program (7) for which genetic (amplified fragment length polymorphisms) and distribution data (in 20 × 22.5-km grid cells, used as conservation units) were available, and widely accessible climatic data. For 10 of the 27 species, they identified loci which are assumed to be under selection because their levels of genetic variation deviate from the expected (i.e., neutral) levels. The analyses assessing the environment as a suitable surrogate for adaptive genetic variation were performed on these 10 species, while all 27 species were examined for links between geography and neutral genetic variation. Hanson et al.'s (6) analyses were performed in three stages.
First, they wanted to establish whether adaptive and neutral genetic patterns were correlated to their respective inferred surrogate patterns. For 8 of the 10 species with loci assumed to be under selection, they observed a correlation between the environmental variation and the adaptive genetic variation. The geographic distance between conservation units was also significantly correlated with neutral genetic variation for 26 of the 27 species. Second, it was necessary to ascertain whether the recognized correlations would be sufficiently robust to be applicable to a conservation planning scenario. A set of random prioritizations further showed that the proportion of variation identified as best solution for the surrogates also captured the proportion of genetic variation. Finally, would the use of these surrogates, implemented in a prioritization situation, capture an appropriate amount of genetic variation? Hanson et al. (6) showed that prioritizations established with the surrogates represent more genetic variation than those based solely on a proportion of the species' distribution range, but also that these prioritization scenarios were very similar to those based on genetic data. Furthermore, adaptive genetic variation appears to be favored compared with neutral genetic variation in these prioritizations.
Limitations
Hanson et al. (6) recognized that there are a number of limitations with their study. The size of the planning units is larger than would be practical in a real-life conservation scenario, but creating a conservation program for the flora of the European Alps and Carpathians was not the aim of this study. They also suggest that geographic distances that would incorporate species-specific variables (e.g., dispersal distances) may be more accurate, but also
The study by Hanson et al. investigates the effectiveness of environmental and geographical surrogates in representing adaptive and neutral genetic variation, respectively, across a species' range. more complex to implement, especially when several species are investigated at once. The use of high-throughput sequencing techniques would probably provide a more in-depth assessment of the intraspecific variability, although the costs associated to these approaches remain relatively high and obtaining the plant material required would remain an issue regardless of the technique used to assess genetic variability. There are also at least two other aspects that would influence the applicability of environmental and geographic surrogates to other species and ecosystems, namely, the completeness of the distribution data and whether the species under study are at risk for extinction. The scale at which these would influence the use of environmental and geographic surrogates for genetic variation can only be addressed by additional studies focusing on different species in different ecological systems.
Despite these putative limitations, the study by Hanson et al. (6) is particularly promising for real-life conservation planning. The search for surrogates for intraspecific evolutionary processes has not received as much attention in the literature as biodiversity processes at the species-level and above. The impact that anthropogenic activities have on biodiversity is enormous and it is essential that all evolutionary processes that sustain biodiversity, as represented by phylogenetic and genetic diversity assessments, are protected especially as both nature's and our own futures depend on it [i.e., option values (8)]. Genetic information cannot always be replaced by proxies and is often itself a surrogate for other aspects of biodiversity such as feature diversity (9) , but surrogates that potentially allow a more effective protection of evolutionary processes at all levels should be embraced, especially in a time of urgency (10) .
